Fungicidal activities of pentachloronitrobenzene and derivatives were tested with Candida albicans, Aspergillus fumigatus, Trichophyton rubrum, Trichophyton mentagrophytes, and Microsporon canis. In relation to pentachloronitrobenzene, no increasing fungistatic activities were found with cysteine derivatives. Rising fungistatic activities were seen with pentachlorophenylmethylsulfone and, in some of the strains, with pentachloronitrosobenzene, pentachlorothiophenol, pentachlorophenol, pentachloroaniline, pentachlorophenylmethylsulfoxide, the isomeric tetrachloronitrobenzenes, tetrachlorothiophenols, tetrachlorophenols, and tetrachloroanilines.
The first report of degradation by microorganisms of the soil fungicide pentachloronitrobenzene (PCNB) to pentachloroaniline was published by Chacko et al. (2) . Nakanishi and Oku (11) found that PCNB was metabolized to pentachloroaniline and pentachlorothioanisole in one fungal species, and De Vos et al. (4) and Hafner (5) found these metabolites in soils treated with PCNB. Further metabolites of PCNB in soil were pentachlorobenzene (1, 3) and pentachlorophenol (10) . All of these compounds are known as biotransformation products of PCNB in plants and animals (14) . Therefore, the metabolic routes of PCNB in microorganisms are indicative of the same mechanisms as in plants and animals. For sulfur-containing metabolites of PCNB, this assumption was supported by the findings that enzymes, such as glutathione Saryltransferase (8, 9) and thiol S-methyltransferase (9), were detected in microorganisms. As in higher eucaryotes, the initial stage of the metabolic route, leading to sulfur-containing derivatives of PCNB, will be its reaction with glutathione, catalyzed by glutathione S-transferase. By replacement of the nitro group the reaction product S-(pentachlorophenyl)glutathione is formed (9). Murphy et al. (9) demonstrated that the protozoan Tetrahymena thermophila transforms PCNB to pentachloroaniline and pentachlorothioanisole. The latter, an ultimate sulfur-containing metabolic product of PCNB is formed from pentachlorothiophenol by methylation, catalyzed by the present thiol S-methyltransferase. Pentachlorothiophenol may derive from S-(pentachlorophenyl)cysteine, a degradation product of S-(pentachlorophenyl)glutathione.
In earlier papers (13, 14) , we have reported on the metabolism of PCNB. Here, we report studies on the fungicidal activity of PCNB and several of its known and possible metabolites.
N Degradation products of PCNB in soils may play important roles in the fungicidal action of PCNB. In our screening for the fungicidal action of PCNB and several of its derivatives, five available laboratory strains of fungi were used. Some of the results, summarized in Table 1 , are of interest. N-Acetyl-S-(pentachlorophenyl)cysteine (I, II), an important polar sulfur-containing metabolite of PCNB (14) , as well as its sulfuroxides (III, IV), the dicysteine (VIII), a metabolite of PCNB in plants, and the N-acetyl-S-(tetrachlorophenyl)cysteines (V to VII) showed equal (Aspergillus) or lower fungicidal activities than did PCNB. These results were not unexpected, assuming that the biosynthesis of cysteine conjugates plays a role in the detoxication of lipophilic polychlorinated nitrobenzenes in mammals as well as in microorganisms.
Pentachloroaniline (XXII), a main degradation product of PCNB by microorganisms and in soil, showed equal or higher fungicidal activities than did its substrate, except for against one strain. Ko and Farley (7) give evidence that the long-term action of PCNB is partly due to its conversion to pentachloroaniline.
Intermediates arising during the reduction of PCNB to pentachloroaniline, like pentachloronitrosobenzene (IX) and pentachlorophenylhydroxylamine (X), of which Searle (16) 
